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(54) Tltie: CROSS MEMBER FOR A MOTOR VEHICLE 

(57) Abstract: A cross member for a motor vehicle includes an elongated, non-cast center structure and first and second castings. 
The center structure is formed as a one-piece, unitary structure and has a first end, a mid portion, and a second .end. The first casting 
is rigidly connected to the first end of the center structure and the second casting is rigidly connected to the second end of the center 
structure. Each of the castings is configured and arranged to be attached to a respective motor vehicle element. 
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CROSS MEMBER FOR A MOTOR VEHICLE 

Field of the Invention 

[0001] The present invention relates to motor vehicle manufacturing. 

More specifically, illustrative embodiments of the present invmtion relate to 
structural members for constnictuig automobiles and to methods for making the 
same. 

Background 

[0002] Motor vehicles are typically constructed utilizing one or more 

firame or firame-like components that may be connected to one another and/or to 
other vehicle components. Frame components may provide structural support for 
portions of a vehicle and may provide points of attachment for various vehicle 
componmts. Frame component construction is complicated for a number of reasons 
including, for example, structural requirements, performance demands, and shape 
configuration requirements. One fi:^e component, cross members, are 
conventionally formed as a welded assembly of stamped members or as a one-piece 
casting. However, the stamped cross members require complex welding of multiple 
parts and the one-piece cast cross members are expensive to manufacture and heavy. 

Summary 

[0003] The present invention can be embodied in a cross member for 

a motor vehicle comprising an elongated center structure having a furst end, a mid 
portion, and a second end, the center structure being formed as a one-piece, unitary, 
non-cast structure, a first casting rigidly connected to the first end of the center 
structure, and a second casting rigidly connected to the second erid of the center 
structure, each of the first and second castings being configured and arranged to be 
attached to a respective motor vehicle element. 

[0004] The present invention may also be embodied in a firame for a 

motor vehicle comprising first and second side firame members, and a cross member 
coupled to and extending between the first and second side fi:ame members, the 
cross member having an elongated, center structure having a first end, a mid 
portion, and a second end, the center structure being formed as a one-piece, unitary. 



1 



wo 2004/028882 



PCT/US2003/030195 



non-cast structure, a first casting rigidly connected to tib,e first end of flie oeAter 
structure, and a second casting rigidly connected to the second end of the center 
structure, the first and second castings being attached to the first and second side 
rails, respectively. 

[0005] The present invention may also be embodied in a method of 

forming a cross member for a motor vehicle, the method comprising forming an 
elongated one-piece, unitary center structure by a method other than casting such 
that the center structure has a first end, a mid portion, and a second end; forming 
first and second cast structures by casting, each cast structure being configured and 
arranged to be attached to respective motor vehicle elements; and connecting the 
first and second cast structures to the first and second ends, respectively, of the 
center structure to form a rigid connection between the center structure and the first 
and second cast structures. 

[0006] The present invention may also be embodied in a method of 

forming a motor vehicle fcame, comprising forming an elongated, center structure by 
a method other than casting such that the center structure has a first end, a mid 
portion, and a second end; forming first and second cast structures by casting, each 
cast structure being configured and arranged to be attached to respective motor 
vehicle elements; connecting the first and second cast structures to the first and 
second ends, respectively, of the center structure to form a rigid connection between 
the center structure and the first and second cast structures; and connecting the first 
cast structure to a first motor vehicle firame member; and connecting the second cast 
structure to a second motor vehicle firame member. 

[0007] Otiher aspects, features, and advantages of the present 

invention will become apparent firom the following detailed description of the 
illustrated embodiments, the accompanying drawings, and the appended claims. 

Brief Description of the Drawings 

[0008] FIG. 1 is a perspective view of a cross member in accordance 

with one illustrative embodiment of the present invention, the cross member shown 
mounted on a motor vehicle firame and operatively connected to other vehicle 
components; 
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[0009] FIG. 2 is a perspective view illustrating the cross member of 

FIG, 1 in isolation; 

[00010] FIG, 3 is an exploded view of the cross member of FIG. 1 in 

isolation; 

[00011] FIG. 4 is a cross-sectional view of the cross member taken 

through the line 4-4 of FIG. 2; and 

[00012] FIG. 5 is a cross-sectional view similar to the view of FIG. 4 

except showing another illustrative embodiment for joining the portions of the cross 
member in accordance with another illustrative embodiment of the present 
invention. 

Detailed Descrintion of Illustrated Embodiments 

[00013] The present invention is generally directed to motor vehicle 

frame compon^ts and to apparatuses and methods for constructing the same. FIG. 
1 shows an illustrative ^bodiment of an automobile frame component in the form 
of a structural cross member 10 constructed according to principles of the present 
invention. The cross member 10 is shown mounted on an example motor vehicle 
frame 12. 

[00014] As set forth below, in the preferred embodiment, the cross 
member 10 includes a non-cast center structure 30, that is, a center structure 30 that 
is formed by a method other than casting. Preferably, center structure 30 is formed 
by stamping. The preferred cross member 10 further includes two cast, end 
structures 32 and 34, one at each end of center structure 30. The resulting preferred 
cross member 10 thus has the strength and shaping characteristics of castings at the 
ends of the cross member 10, where needed, while having a center structure 30 that 
is relatively lightweight and easy to manufacture. Thus, the best qualities of 
stampings and a casting are utilized and optimized in a single cross member 10. 

[00015] The frame 12 (only portions of which are shown in FIG. 1) 

includes a pair of side rails 14, 15, and a cross rail 16 connected therebetween. Each 
of the rails 14-16 may be of tubular hydroformed construction, or may be of any 
other appropriate construction. The rails 14-16 and the frame 12 may be constructed 
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as disclosed and described in commonly assigned U.S-. Patent No. 5,862,877, 
entitled Cradle Assembly, the entire disclosure of which is hereby incorporated 
herein by reference thereto. 

[00016] As illustrated, the cross member 10 is mounted generally 

between the rear wheels of the assembled vehicle. Various vehicle components are 
mounted within or on the cross member 10 in the assembled vehicle. The cross 
member 10 has a "tunnel" structure, which provides a hollow interior which may be 
used to house the vehicle power train and associated mechanisms that are 
operatively connected to the rear wheels. A central opening 18 is formed in the 
front of the cross member 10 to accommodate a portion of the power train. One or 
more control arms 20, 22, a suspension assembly 24 for each wheel, and portions of 
the vehicle body are illustrated as being mounted on the ends of the cross member 
10. Vehicle floor structure 26, 28 and various other vehicle components (e.g., seat 
risers) may be mounted to and/or partially supported by the cross member 10. 

[00017] FIGS. 1-3 show views of the cross' member 10 in isolation. 
The center structure 30 is preferably formed by shaping a sheet of a metallic 
material by stamping. Of course, center structure 30 can be made of non-cast 
methods other than stamping, if desired. The center structure 30 may be constructed 
of steel, aluminum, or other material of suitable strength. The c^ter structure 30 is 
a one-piece, unitary structure having an inverted U-shaped cross-section. A notch 
36 is formed in a mid portion of the center structure 30. Openings 37 of various 
sizes may be formed in the center structure 30 to reduce weight of the cross mraiber 
10. Although shown as one-piece, the center structure 30 can be formed from 
multiple members. 

[00018] The wall 31 of the center structure 30 may be shaped to form 
one or more flange structures that extend along portions of the edges of the center 
structure 30. In the illustrative embodiment, a continuous integral flange 38 extends 
completely around tihe outer edge of the cent^ structure 30. The flange 38 helps to 
rigidity and strengthen the center structure 30. End portions 39 and 41 of the flange 
38 are used in the formation of joints which rigidly connect the cast end structures 
32, 34 to the respective ends of the center structure 30, as considered below. The 
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center of the cross member 10 typically experiences less stress than that borne by the 
end structures 32, 34. Stamped structures are generally simpler to construct, weigh 
less, and are less expensive than comparable cast structures. It is therefore 
advantageous to utilize a stamped structure to form the central portion of the cross 
member 10 connecting the two castings 32, 34. 

[00019] The end portions of the cross member 10 bear a higher degree 

of load stress than the central portion of the cross member 10. For example, the load 
inputs and/or the load reactions from the control . arms 20, 22 the suspension 
assembly 24 and/or from the body mounts are home by the end portions of the cross 
member 10. The central portion of the cross member 10 bears relatively light loads, 
e-g., the load associated with the vehicle floor stracture, seat risers. The cross 
mraiber 10 is constructed so that the portions of the cross member 10 that bear 
greater stress have greater strength. This can be accomplished in several ways, such 
as, for example, by constructing the end portions of the cross member 10 from a 
stronger material than the material used to construct the central portion of the cross 
member 10 or, alternatively, by varying the thickness of portions of the cross 
member 10 so that the portions of the cross mecnber 10 that bear greater loads have 
greater thickness. Each end structure 32, 34 is cast so that the portions of each end 
structure 32, 34 that bear greater stress have a greater thickness and the portions that 
bear lesser stress have a lesser thickness. Additionally or alternatively, each end 
structures 32, 34 can be constructed of a stronger material than the center structure 
30. 

[00020] The end structures 32, 34 are illustrated herein as being of 
mirror image construction to one another. Alternatively, each end structure 32 and 
34 can be of different configurations. As illustrated, each end stmcture 32, 34 may 
be an integral cast structure constructed of an appropriate metallic material such as 
aluminum, steel, or other material of suitable strength. As illustrated, each end 
structure 32, 34 is shaped by casting to have an inverted U-shaped body portion 40, 
and a plurality of integral attachment structures 42, 44, 46 for attaching one or more 
vehicle elements such as the control arms 20, 22 and the vehicle suspension 24, 
respectively. The attachment structure 42 is in fee form of an opening 48 formed in 
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an integral wall portion 50 of each end structure 32, 34. Tbe attachment structure ,44 
is in the form of a pair of aligned openings 52 formed in respective integral wall 
portions 54 of each end structure 32, 34. The attachment structure 46 is in the form 
of a plurality of openings 56, 58 formed in an integral wall portion 60 of each end 
structure 32, 34. 

[00021] As mentioned above, the use of cast end structures 32, 34 at 

the ends of the cross member 10 enables the manufacturer to provide the various 
portions of the cross member 10 with varying thicknesses to manage the stresses 
resulting from the in-vehicle loads on the cross member 10. An example of this is 
evident in that each wall 50, 54, 56 of each attachment structure 42, 44, 46 can be 
constructed during the casting process to have sufficient thickness to handle the load 
to which each structure will be subjected. The use of castings on the ends of the 
cross member 10 also provides a high degree of dimensional accuracy and stability 
relative to, for example, a completely stamped and welded cross member. The cast 
structures 32, 34 may optionally be machined or spot-faced after casting to improve 
dimensional tolerances. Casting is also well suited for providing complex packaging 
geometry on the ends of the cross member 10. 

[00022] The manner in which each end structure 32, 34 is rigidly 

connected to an end of the center structure 30 can be appreciated from FIG. 4, which 
shows, in cross section, a portion of the joint between the center structure 30 and the 
end structure 34. An outer surface 62 of end portion 39 of the flange 38 is placed 
against a side surface 64 of the end stmcture 34. The end structure 34 and the center 
structure 30 can be placed in an assembly fixture to align the structures 30, 34 prior 
to joining them together and to hold them together to facilitate joint formation. The 
construction of the center structure 30 and each end structure 32, 34 allows relative 
movement between the flange 38 and the surfece 64 of the end structure 34 so that 
the center structure 30 and each end structure 32, 34 can be moved relative to one 
another in a fore-afl/up-down slip plane prior to joining to assure dimensional 
accuracy of the cross member 10. 

[00023] The structures 30, 34 can be coimected to one another using, 

for example, a structural adhesive, appropriate fasteners (e.g., rivets, bolts), or 
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welding. Any of these methods can be used alone or together with one another in 
any combination. Also, appropriate welding methods that can be used to join the 
structures to one another including, for example, MIG welding, spot welding, 
plasma arc welding, and electromagnetic welding. In the example of FIG. 4, the 
structures 30, 34 are connected with an edge weld 66, and with a spot weld 68. The 
spot weld 68 is formed in an opening 70 in the flange 38. Plasma arc welding and 
MIG puddle welding are feasible methods for spot welding the structures 30, 34 to 
one another. 

[00024] The end structures 32 and 34 and the center structure 30 could 

be constructed to provide other joint geometries. For example, the structures 30, 32 
and 34 could be constructed to provide a joint having an overlapping geometry or, 
alternatively, an abutting geometry. For example, each cast end structure 32, 34 and 
the center structure 30 could each include wall structure that was shaped so that each 
casting could be rigidly connected to the center structure by rigidly connecting wall 
structure on each casting in lapped relation to wall structure on the center structure. 

[00025] An example of another embodiment of a joint 72 is shown in 
FIG. 5. In this example, the end structure 74 is shaped during casting to have a 
flange 76 and is connected to a center stracture 130, which is similar to center 
structure 30. The flanges 76 and 138, which is similar to end structure 34, may be 
joined together using, for example, any combination of the joining methods 
mentioned or incorporated herein. Flange 138 corresponds and is similar to flange 
38 above. 

[00026] The example joint 72 is formed utilizing a structural adhesive 
78 (illustrated with an exaggerated thickness) and a Henrob rivet 80. The structural 
adhesive 78 may be applied to one or both flanges 38, 76, and then the structures 
130, 74 may be held together in an assembly fixture. A fastener such as the self- 
piercing Henrob rivet 80 is mechanically fastened through the flange 138 of the 
stamped structure 130 and into the cast structure 74. The stractural adhesive 78 may 
then be cured during an e-coating process. The combination of mechanical fastraers 
(e.g., bolts, rivets) and a structural adhesive eliminates problems that may be 
associated witii welding a stamping to a casting including, for example, thermal 
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distortion and/or a reduction in joint strength in the areas of the joint that are heated 
during the welding process. 

[00027] As seen in FIGS. 1-3, a cover structure 82 may optionally be 

included in the cross member 10. The cover structure 82 may be mounted on a 
lower portion of the center structure 30 beneath the cross member 1 0 either before or 
after the end structures 32, 34 are mounted to the center structure 30. The cover 
structure 82 is illustrated in the form of a sheet or plate that may be constructed of a 
metallic material such as steel or aluminum. The cover structure 82 may be rigidly 
connected to the center structure 30 using mechanical fasteners (e.g., bolts, rivets), 
welding, adhesive or any other appropriate method alone or in any combination with 
one another. The cover structure 82 "closes" the bottom of the cross member 10 and 
provides additional strength and rigidity to the cross member 10. The cover 
structure 82 as illustrated is connected to only the center structure 30 but may be 
constmcted to be long enough to be connected to and to cover the center structure 30 
and the end structures 32, 34. In such a configuration, av control arm bushing can 
optionally be mounted between ihc cover structure 82 and each cast end structure 
32, 34. 

[00028] Thus, while the invention has been disclosed and described 
with reference with a limited number of embodiments, it will be apparent that 
variations and modifications may be made thereto without departure firom the spirit 
and scope of the invention and various other modifications may occur to those 
skilled in the art. Therefore, the following claims are intended to cover 
modifications, variations, and equivalents thereof. 
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WHAT IS CLAIMED IS: 

1 . A cross member for a motor vehicle, comprising: 

an elongated, center structure having a &st end, a mid portion, and a second 

end, said center structure being formed as a non-cast structure; 

a first casting rigidly connected to said first end of said center structure; and 
a second casting rigidly connected to said second end of said center structure, 
each of said first and second castings being configured and arranged to be 

attached to a respective tnotor vehicle element. 

2. A cross member according to claim 1, wherein said center structure is 
constructed as a one-piece, unitary structure. 

3. A cross member according to claim 2, wherein said metallic material 
is selected with a group consisting of steel and aluminum. 

4. A cross member according to claim 1, wherein said center structure 
has a U-shaped cross section. 

5. A cross member according to claim 1, wherein each of said castings 
includes a flange and wherein each of said castings includes a flange and wherein 
each of said castings is rigidly connected to said center structure by rigidly 
connecting said flange of each casting to said center structure. 

6. A cross member according to claim 1, wherein each of said castings 
is rigidly connected to said center structure using fasteners. 

7. A cross member according to claim 6, wherein said fasteners are 

rivets. 
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8. A cross member according to claim 7, wherjpin. each casting is rigidly 
connected to said center structure using an adhesive. 

9. A cross member according to claim 1, wherein each casting is rigidly 
connected to said center structure by welding. 

10. A cross member according to claim 4, further comprising a cover 
mounted beneath and rigidly secured to said center structure to close the U-shaped 
cross-section of said center structure. 

11. A frame for a motor vehicle, comprising: 
first and second side frame members; and 

a cross member coupled to and extending between said first and second side 

frame members, said cross member having 

an elongated, center structure having a first end, a inid portion, and a second 

end, said center structure being formed as a one-piece, unitary, non-cast structure, 
a first casting rigidly connected to said first end of said center structure, and 
a second casting rigidly connected to said second end of said center structure, 
said first and second castings being attached to said first and second side 

frame members, respectively. 

12. A frame according to claim 1 1, wherein said center structure is a one- 
piece, unitary structure. 

13. A frame according to claim 12, wherein said center structure has a U- 
shaped cross section and fiirther comprises a cover mounted beneath and rigidly 
secured to said center structure and to each of said castings. 

14. A method of forming a cross member for a motor vehicle, 
comprising: 
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forming an elongated, center structure by* a niethod other than castmg such 
that the center structure has a first eiid, a mid portion, arid a second end; 

forming first and second cast structures by casting, each cast structure being 
configured and arranged to be attached to respective motor vehicle elements; and 

connecting the first and second cast structures to the first and second ends, 
respectively, of the center structure to form a rigid connection between the center 
structure and the first and second cast structures. 

15. A method according to claim l4, wherein the center structure is 
formed by stamping, 

16. A method according to claim 14, wherein the connecting of the first 
and second cast structures to the center structure includes attaching respective 
flanges pf the first and second cast structures to the center structure. 

17. A method according to claim 16, wherein the connecting is carried 
out by welding. 

18. A method according to claim 16, wherein the connecting is carried 
out by attaching fasteners between each of the cast structures and the center 
structure. 

19. A method according to claim 14, wherein the center structure is 
formed as a one-piece, unitary structure. 

20. A method of forming a motor vehicle firame, comprising: 

forming an elongated, center structure by a method otiier than casting such 
that the center structure has a first end, a ndd portion, and a second end; 

forming first and second cast structures by casting, each cast structure being 
configured and arranged to be attached to respective motor vehicle elements; 

connecting the first and second cast structures to the first and second ends. 
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respectively, of the center structure to form a rigid connectipn between the center. , 

structure and the first and second cast structures; and 

connecting the first cast structure to a first motor vehicle fi-ame member; and 
connecting the second cast structure to a second motor vehicle firame 

member. 
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